The layered perovskite compounds are interesting due to their intriguing physical properties. In this article we report the structural, magnetic and dielectric properties of LnBaCuFeO 5 (Ln=Nd, Eu, Gd, Ho and Yb). The structural parameters decrease from Nd to Yb due to the decrease in the ionic radii of the rare earth ions. An antiferromagnetic transition is observed for EuBaCuFeO 5 near 120 K along with the glassy dynamics of the electric dipoles below 100 K. The magnetic transition is absent in other compounds, which may be due to the dominance of the magnetic moment of the rare earth ions. The dielectric constant does not show any anomaly, except in the case of HoBaCuFeO 5 where it shows a weak frequency dependence around 54 K. These compounds show a significant enhancement of dielectric constant at high temperatures which have been attributed to Maxwell-Wagner effect. However, no significant magneto-dielectric coupling has been observed in these layered perovskites.
Introduction
Layered perovskite materials of the form AA'BB'O 5 , where A, A' are alkali or rare-earth metals and B, B' are transition metals with same or different ions are under extensive investigation in recent years [1] [2] [3] [4] [5] [6] . These materials are important as they exhibit multiferroicity near room temperature and also due to the fact that the ferroelectricity in these compounds is induced by magnetic ordering [4] [5] [6] [7] [8] [9] . The compound YBaCuFeO 5 belongs to this family and it undergoes both magnetic and dielectric transitions above 200 K [4, 6, 9] . In this compound a paramagnetic to commensurate antiferromagnetic (C-AFM) ordering is noted at ~ 440 K followed by a changeover from C-AFM to incommensurate antiferromagnetic (IC-AFM) state at ~ 200 K [4, 6, 9] . The magnetic and the dielectric transitions of these layered perovskites can be tuned by changing the chemical pressure or by introducing a disorder [1, 4, 6, [8] [9] [10] [11] [12] . Various rareearth ions at the A-site can change the chemical pressure and it may result in interesting dielectric properties in the respective compounds. A detailed comparative study of the contrasting physical properties exhibited by rare earth layered perovskite LaBaCuFeO 5 and LuBaCuFeO 5 has been carried out [13] . Recent investigations on HoBaCuFeO 5 , GdBaCuFeO 5 and YbBaCuFeO 5 reveal that the observed upturn in the heat capacity at low temperatures in these compounds is attributed to the Schottky anomaly [14, 15] . However, to the best of our knowledge there are few reports on low temperature dielectric properties of other member of this family.
In this work the structural and dielectric properties of rare-earth based layered perovskite compounds LnBaCuFeO 5 (where Ln = Eu, Nd, Yb, Gd and Ho) have been investigated. Along with it magnetic studies of EuBaCuFeO 5 and NdBaCuFeO 5 are also reported. The key observations of this work are: i) EuBaCuFeO 5 undergo C-AFM to IC-AFM ordering around 120 K. Glassy dynamics of the electric dipoles is noted at low temperature region. ii) No magnetic transition is noted for NdBaCuFeO 5 . iii) Dielectric behavior of NdBaCuFeO 5 , YbBaCuFeO 5 and GdBaCuFeO 5 in the low temperature region is featureless. However, in HoBaCuFeO 5 a frequency dependent anomaly is noted in the low temperature region. But the interactions between the electric dipoles are significantly weaker which results in the absence of glassy behavior. iv) In all these compounds the dielectric constant significantly increases at high temperatures and this feature have been is attributed to the Maxwell Wagner effect. vi) Magnetodielectric coupling is very weak in all these compounds.
Experimental details
The compounds GdBaCuFeO 5 , HoBaCuFeO 5 and YbBaCuFeO 5 are the same as studied in Ref [14] . The compound EuBaCuFeO 5 is the same as studied in Ref [15] . The compound NdBaCuFeO 5 is prepared under similar condition as mention in Ref [9] . Power x-ray diffraction was performed using Rigaku smart lab diffractometer using monochromatized Cu Kα 1 radiation at room temperature. The DC magnetization measurements were carried out with a SQUID magnetometer (Quantum Design USA) in the temperature range of 2-350 K. Hioki LCR meter was used to for temperature and magnetic field dependence of dielectric constant measurements setup from Cryonano lab, integrated with the PPMS. Table 1 . For GdBaCuFeO 5 , HoBaCuFeO 5 , YbBaCuFeO 5 and EuBaCuFeO 5 ; some parameters are taken from Ref [14] and [15] , while for YBaCuFeO 5 , LaBaCuFeO 5 and LuBaCuFeO 5 some parameters are taken from Ref [9] and [13] for the sake of comparison. LnBaCuFeO 5 are layered perovskite compound with tetragonal structure of P4mm space group [1, 2, 16, 17] . The structure of LnBaCuFeO 5 [6] . The change in the structural properties has the influence on the magnetic and dielectric properties of the compounds [7, 9] .
From the structural analysis it is observed that inter-pyramid distance decreases with lanthanide contraction whereas the distance of Cu/Fe from the apical oxygen goes on increasing from La to Lu. It is also noted that the rare-earth ions with higher ionic radii leads to the expansion in the unit cell whereas those with lower ionic radii leads to compression in the unit cell as compared with the unit cell volume of YBaCuFeO 5 [14] . The lattice parameters of the unit cell decreases from Nd to Yb due to the decrease in the ionic radii of the rare earth ions following the lanthanide contraction rule. This leads to change in the lattice parameters such as bond length, bond angle and the inter-pyramid distance, which in turn influences the magnetic and the dielectric properties of the compounds. In the following sections we present the results observed for different members of LnBaCuFeO 5 . respectively and E a is ~0.01 eV. From the parameters, the value of E a /k B is obtained to be 120 K.
EuBaFeCuO
Hence, in this case T 0 <E a /k B , which is a signature of weak coupling among the electric dipoles [19] . Hence, it can be said that in YbBaCuFeO 5 . For both the compounds it is noted that ε′ is independent of frequency upto 100 K. The corresponding ε′′ of the compounds is also featureless in the low temperature region, as is seen from figure 4 (c) and (d). Also no anomaly is observed in this temperature range which is confirmed from temperature response of ε′′ (Figure 4 (b) and (e)). A sharp increase in ε′ and ε′′ is observed above 100 K for both these compounds. The temperature dependent ε′′ for NdBaCuFeO 5 and YbBaCuFeO 5 shows a peak around 188 K and 138 K respectively at 5 kHz.
For both these compounds the peak shifts towards higher temperature on increasing the frequency. Here we would like to mention that the loss factor above 100 K is quite significant for both these compounds. To check the possibility of the presence of MDE coupling in these compounds, ∆ε′ is measured as a function of magnetic field at selected temperatures (shown in Figure 4 (e) and (f)). For NdBaCuFeO 5 , Δ data is not very clean but shows small (< 0.5%), field independent value for the measured temperatures. For YbBaCuFeO 5 , Δ shows field dependence (although with small value Δ< 1%). It is interesting to note that Δ is negative for 50 and 200 K whereas it is positive for 100 K. This behavior is similar to that observed for YBaCuFeO 5 [9] .
GdBaCuFeO 5 and HoBaCuFeO 5
The temperature response of the magnetization of GdBaCuFeO 5 and HoBaCuFeO 5 do not show any transition down to 1.8 K and has been already reported in Ref [14] . Figure 5 
Discussion
The magnetic studies of LnBaCuFeO 5 (Ln = Nd, Eu, Gd, Ho, Yb); show the absence of magnetic ordering, except for EuBaCuFeO 5 . It is possible that the effective moment of the rare earth ions influences the FM and AFM coupling of the transition metal ions and suppresses this ordering [14] . Since Eu 3+ ion is non-magnetic, the magnetic ordering (C-AFM to IC-AFM) similar to YBaCuFeO 5 remains intact [4, 6, 9] . EuBaCuFeO 5 has larger unit cell volume (larger c- capacitance. This non-intrinsic contribution to dielectric constant along with the high value of the dielectric loss can be attributed to the Maxwell Wagner (MW) effect [20] .
Low value of Δ' for these compounds indicates poor MDE coupling. The magnetoelectric coupling is not the only way to produce MDE effect; other mechanism such as the magneto-resistance, MW polarization can also give rise to MDE effect. There are certain materials in which the MDE effect is found but the spontaneous polarization is not observed [8, 12, 21] . Some materials show the MDE coupling due to the combined effect of magnetoresistance and MW effect [21] . In the absence of the magnetic transition the MDE effect maybe due to the extrinsic effect such as MW polarization that induces this effect [22] . Similar behavior in these layered perovskites suggests the contribution of MW polarization in the dielectric behavior. The weak MDE coupling in some of these compounds is due to the effect of MW polarization and not due to the magnetoelectric coupling [21] .
Conclusions
We have investigated the physical properties of rare earth layered perovskite compounds 
